Background: Many meta-analyses investigating gum chewing for postoperative recovery after colorectal surgery have been published with inconsistent findings. Therefore, we performed this study to systematically review these overlapping meta-analyses and offer clinical recommendations based on the current best evidence for decision makers. Methods: Multiple databases, including PubMed, EMBASE, Cochrane Library, Chinese BioMedical Literature on disc (CBMdisc), China National Knowledge Infrastructure (CNKI), Chinese Wanfang and Chinese VIP, were searched through October 2016. We included meta-analyses investigating the effectiveness of chewing gum for postoperative ileus after colorectal resection. Two investigators independently scanned and evaluated eligible meta-analyses, extracted essential information, assessed the methodological quality with the Assessment of Multiple Systematic Reviews (AMSTAR) tool and Oxford Levels of Evidence, and used the Jadad decision algorithm at each step for all procedures. Heterogeneity 50% was accepted. Results: Ten meta-analyses were included in our study. The AMSTAR scores varied from 5 to 9, with a median of 7.7. Most heterogeneity fell into the acceptable range. After implementing the Jadad decision algorithm, two meta-analyses of RCTs were selected based on search strategies and the implications of selection. The available best evidence indicated that gum chewing significantly reduced time to first flatus, time to first bowel movement, time to first bowel sounds and length of hospital stay. However, these two meta-analyses reached inconsistent conclusions as to the complications and economic benefits. Conclusions: With the current best available evidence, we suggest gum chewing is beneficial for gastrointestinal function and reducing postoperative ileus.
Introduction
Traditionally, physicians prohibit oral feeding until normal intestinal function returns after colorectal surgery. However, this procedure may result in postoperative ileus (POI), which can cause abdominal distension, abdominal pain, nausea, vomiting and delayed return of gastrointestinal motility. 1 These problems can delay postoperative recovery, prolong length of hospital stay (LOS) and increase financial burden. 2, 3 In the United States, postoperative ileus has been found to cost between $750 million and $1 billion annually. 4 Therefore, preventing or reducing POI after colorectal surgery is extremely important.
Many interventions and strategies, such as prokinetic agents and epidural anesthesia, have been used to manage POI. 5e7 However, these methods have a limited effect, and there is still a relatively high incidence of POI. As an alternative, gum chewing promotes the recovery of gastrointestinal peristalsis for postoperative patients without generating the side-effects associated with early feeding. However, several systematic, meta-analytic reviews have been published investigating chewing gum for postoperative recovery of gastrointestinal function after colorectal surgery, and the results are conflicting. A unified and consistent conclusion has not yet been drawn, which creates an obstacle for informed decision-making. Thus, a systematic review of overlapping meta-analyses was executed to evaluate the effect of gum chewing for postoperative ileus. The aims of this systematic review of all meta-analyses were to provide clinical suggestions and guide clinical workers in making the right decision based on the currently inconsistent available evidence.
Materials and methods
We relied on the Cochrane Handbook for Systematic Review of Interventions 8 and Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 9 to choose dependable and available systematic reviews and meta-analyses. All procedures were performed with Microsoft ® Word (Microsoft Corporation, Redmond, Washington, USA). Due to the procedures being conducted with previously published information, ethical approval and informed consent of the patients was not needed.
Literature search
All systematic reviews and meta-analyses comparing gum chewing to other groups of patients with postoperative ileus were included. Two investigators independently searched the PubMed, Cochrane Library, EMBASE, Chinese BioMedical Literature on disc (CBMdisc), China National Knowledge Infrastructure (CNKI), Chinese Wanfang and Chinese VIP databases up to October 2016. The search terms used were as follows: gum chewing, chewing gum, gum*, ileus, colectomy, colorectal surgery, systematic review and meta-analysis. A manual check of the reference lists was also conducted to identify other eligible studies. These searches were limited to publications in English and Chinese. The electronic supplementary material (ESM) was gathered to summarize all search information.
Selection criteria
The aim of implementing the systematic review of overlapping meta-analyses was to explain the inconsistent conclusions among meta-analyses evaluating gum chewing for patients with postoperative ileus. Therefore, letters to the editor, correspondence, meeting abstracts, meta-analyses excluding RCTs and systematic reviews without meta-analyses were not included in this study.
Selection of meta-analyses
Two investigators independently screened studies from all relevant meta-analyses according to the title and abstract of all the articles and checked the full-texts based on the selection criteria in the original checking stage. The discrepancies between the two investigators were settled by consulting a third investigator or discussion until an agreement was reached.
Information extraction
We assigned two investigators to independently extract the elementary information from eligible meta-analyses for our study. The data abstracted from the included meta-analyses included the first author name, publication year, author state, electronic database, search time, search item, search restriction, and all outcomes of interest. Disagreements between the two investigators were settled by appealing to a third investigator.
Quality assessment
Two investigators were assigned to independently evaluate the search strategy of all eligible studies, including the publication language and status of the original research. Moreover, two investigators were also chosen to independently assess the methodological quality of each potential systematic review with a metaanalysis. The method included the Assessment of Multiple Systematic Reviews (AMSTAR) Instrument and Oxford Levels of Evidence.
10 AMSTAR, with good reliability and validity, is a methodological quality assessment tool of systematic reviews and (or) meta-analyses. 11e13 Any disagreement between the two investigators was resolved by discussion.
Assessing heterogeneity
We abstracted information from all eligible research to assess heterogeneity. The purpose of a heterogeneity assessment is to discover whether the systematic reviewer appropriately and correctly used the heterogeneity assessment tool and whether they performed subgroup analysis or (and) sensitivity analysis. We defined an I 2 of less than 50% as acceptable based on the judgment criteria in the Cochrane Handbook for Systematic Review of Interventions. 8 
Implementing the Jadad decision algorithm
The Jadad decision algorithm is a guideline for interpreting disagreement in systematic reviews within a meta-analysis.
14 When the expert experiences and results of trials are inconsistent, Jadad provides six reasons for the inconsistent systematic reviews within meta-analyses to help decision-makers (including researchers, policy-makers, clinical medical personnel, and patients) choose the best health care interventions. The six reasons included the specific clinical question, definite study inclusion and exclusion criteria, data extraction, methodological quality assessment, ability to pool studies, and summary of the information. 14 Three investigators performed the Jadad decision algorithm to identify the reasons for the discordant meta-analyses until an agreement was reached.
Results

Search results and basic information on eligible meta-analyses
The literature search revealed 30 abstracts, and no additional sources were found. After using the specified study search terms, 10 systematic reviews with meta-analyses 4,15e23 fulfilled the inclusion and exclusion criteria and were selected for the study. We used the EndNote (version X7.1) literature management software to screen and manage the potential studies. These eligible meta-analyses were published between 2007 and 2016. Fig. 1 summarizes the flow of selection and confirmation of references from the bibliography. Table 1 and Table 2 , respectively, present the basic information on all of the studies included and number of original studies.
1,24e59
Search methodology
To reduce the publication and time-lag bias, a comprehensive literature search was conducted. We evaluated the search methodology quality of all included studies. Every meta-analysis included in this study searched the MEDLINE, PubMed or Cochrane databases as part of the literature search. With the exception of two studies, 19, 22 the others used the EMBASE database.
However, there was a distinct variability in the use of other databases, including CINAHL, Scopus, CNKI, CBM, Wanfang, Web of Science and others. May 31, 2016 "Chew*", "gum", "colorectal", "resection" and "random*"
No limitation based on language and publication status Three meta-analyses 15, 16, 18 limited the publication language to English. The remaining two meta-analyses 19, 22 restricted the written language to English and Chinese. Three meta-analyses 15, 16, 20 were limited to human subjects.
Methodological quality
High quality research is generated from reliable evidence and standard reporting. The Oxford Levels of Evidence 10 and AMSTAR 12 tools were used to assess and rate the evidence and methodological quality, respectively, of all of the included meta-analyses. Based on the Oxford Levels of Evidence, all of the meta-analyses included provided Level II evidence. Most of the meta-analyses 15,16,18,19,21e23 were performed with Review Manager statistical software to pool data. The meta-analysis conducted by Chan and colleagues 15 also followed the Quality of Reporting of Meta-analysis (QUOROM) guidelines. Only one meta-analysis 17 was implemented using the Comprehensive Meta-analysis (Biostat, Engelwood, CA, USA) software package. Two meta-analyses 4,20 used the STATA statistical software. Subgroup and sensitivity analyses were used in four and three meta-analyses, respectively. Table 4 and Table 5 , respectively, show the methodology quality and AMSTAR data for each study included. The AMSTAR scores varied from 5 to 9, with a median of 7.7.
Assessing heterogeneity
Several methods were used to assess the heterogeneity of each meta-analysis, and all 10 studies used a statistical heterogeneity analysis.
In Table 6 , we summarized the heterogeneity level, subgroup analysis and sensitivity analysis for each study. The heterogeneity of most outcomes (50%) was in the acceptable range used by the Cochrane Collaboration. 8 Table 7 lists the outcomes of all of the eligible meta-analyses. The Jadad decision algorithm was executed to confirm which of the 10 meta-analyses that provided the currently best available evidence to develop clinical treatment recommendations. Three authors (S.T, Z.H and X.T) independently elected the same route for the Jadad decision algorithm. Because (1) all of the meta-analyses addressed the same question, (2) none of the meta-analyses included the same primary trials, and (3) the reviewed studies did not restrict the same selection criteria, the Jadad decision algorithm recommends that the highest-quality studies can be elected based on the different criteria, including the methodologic quality, language of publication, publication status and availability of data on individual patients in the primary trials. The last criterion did not apply to our study. After application of the aforementioned criteria, we ultimately selected two meta-analyses written by Short et al 21 and Song et al 23 (Fig. 2) .
Results of Jadad decision algorithm
The two meta-analyses both concluded that gum chewing significantly reduced time to first flatus, time to first bowel movement, time to first bowel sounds and length of hospital stay. Song et al 23 also found no significant difference in time to first feeding between the gum chewing group and control group. However, these two meta-analyses reached inconsistent conclusions on there were little differences in mortality, infection risk, readmission rate or cost. The patients tolerated the chewing gum well. Song et al 23 found that there were no significant differences between the groups in overall complications, nausea, vomiting, bloating, wound infection, bleeding, dehiscence, readmission, reoperation, or mortality. The gum chewing group had a lower risk of postoperative ileus as well as a lower net benefit and quality of life.
Discussion
Systematic reviews or meta-analyses including all available original trials were considered to be the best available evidence sources. 60 Decision makers, including policy makers, researchers and clinical workers, usually develop a systematic review with meta-analysis to provide recommendations for informed decisionmaking and to resolve complex clinical problems. Although there are numerous systematic reviews and meta-analyses on this topic, these reviews are inconsistent, and we thus attempted to determine which of these research studies provided the best evidence on this topic. For the purpose of providing high quality clinical evidence, Jadad and colleagues developed a method to confirm all possible sources that caused conflict among meta-analyses in 1997. The sources included the clinical question for the population of patients, interventions, outcome measures, settings and selection criteria (inclusion criteria and exclusion criteria), use of the selection criteria, literature search strategies, data abstraction, end points, human error (random or systematic), study quality assessment, quality assessment interpretations and methods of quality assessments in reviews, ability to combine studies through clinical criteria and statistical methods, and statistical methods for data analysis. 14 After implementing the Jadad algorithm, two meta-analyses completed by Short et al 21 and Song et al 23 were selected to provide clinical treatment recommendations on the effect of chewing gum after colorectal resection for postoperative ileus based on the current best available evidence to promote decisionmaking in a clinical context. Short and colleagues 21 demonstrated that there was statistical evidence that the use of gum chewing reduced time to first flatus, time to first defecation, time to bowel sounds and length of hospital stay. All patients tolerated the chewing gum well. However, there was little difference in infection risk, mortality, readmission rate and cost between the two groups. Some studies included in the meta-analysis found that gum chewing reduced nausea, vomiting and other complications. Due to the current research focus on small, poor quality trials and the target of postoperative ileus, the benefits of gum chewing may be reduced. Therefore, the author suggested that larger and better quality RCTs are needed to improve the evidence on the use of gum chewing after surgery. The meta-analysis conducted by Song et al 23 also suggested that gum chewing can shorten time to first flatus, bowel sounds, and length of hospital stay and lower risk of postoperative ileus. Gum chewing was well tolerated by all patients. However, there were no significant differences in nausea, vomiting, wound infection, bloating, bleeding, dehiscence, overall complications, readmission, reoperation or mortality between the groups. The study found a lower net benefit and quality of life in the gum chewing group. Hence, the author suggested that gum chewing is conducive to enhance the return of intestinal function after colorectal resection and may decrease the risk of postoperative ileus. However, the authors acknowledged several limitations in their meta-analysis. For example, most trials were rated as providing low quality evidence on risk of bias, which may lead to a misidentification of the effect of chewing gum. We conducted this systematic review of overlapping metaanalyses, but some limitations may impact the power of our findings. First, although we performed a comprehensive literature search to gather the potentially eligible meta-analyses, additional studies on the topic may be located if the search databases were extended. Second, to generate the highest level of evidence, we only selected meta-analyses that included RCTs. However, the level of overall evidence was low.
Conclusions
With the current best available evidence, we suggest that implementation of gum chewing as beneficial for gastrointestinal function and for reducing postoperative ileus. However, more studies should be completed to determine the safety of using gum chewing.
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